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ABOT  A  CffifAIH  METHOD  0?  RBCORMHO  VBAR  IRTRARTP  RADI ATI ©W 

•  by 

3.  *.  Kosel 

- 0 - 

A  description  It  given  of  a  modulation  radiometer  In  the  near 
Infrared  region  In  which  glowlne  phosphorus  Is  used  as  the  receir- 
lng  element. 

— o — - 

If  onto  excited  and  naturally  extinguishing  ohos-chorus  one  directs  * 

• 

hea»  of  long-ware  (especially.  Infrared)  rays,  as  la  Vnown  f_  1 J ,  J_  7. _/,  In 
the  case  of  many  hinds  of  ohosphorus  there  will  he  an  Increase  In  th*  bright¬ 
ness  of  the  fluorescence  (ontlcal  flare-un).  In  the  case  of  some  rlnde  of 
phosoorus  one  notes  the  ohenomen  o*  optical  fadine  under  the  influence  of 
lone-ware  rays.  The  optical  flare-uo  Is  brought  about  by  the  acceleration 
of  the  emission  transitions;  optical  fading  is  connected  with  the  phenomenon 
under  the  action  of  long-ware  radiation  of  non-enlsnlon  transitions  of  elec¬ 
trons  Into  the  normal  state.  Optical  flare-uo  or  fading  le  superimposed 
on  the  natural  phosphorescence.  There  the  ootical  flare-up  can  be  observed 
In  the  rxire  form  If  the  temp  rature  of  the  phosphorus  Is  lover  than  the  tem¬ 
perature  of  the  natural  fluorescence  C'rosen"  etate). 

Both  the  flare-up  and  the  fading  tclnds  of  phosporus  at  the  present  time 
are  used  as  receivers  of  Infrared  radiation  (phosphorography).  Interest 
Is  affordtd  by  the  clarification  of  the  possibilities  of  uslne  for  this  purpose 
various  Kinds  of  phosphorus  In  connection  with  a  photomultiplier  and  modern 
radio-physics  apparatus  Intended  for  decreasing  the  effect  of  fluctuation 
on  the  sensitivity  and  rrecislon  of  the  measurements.  In  such  equipment  it 
Is  feasible  to  use  the  modification  method  |  ^ _/:  this  aaVeo  it  poeeible  with 
the  correct  choice  of  frequency  to  eliminate  the  effect  of  slow  drifts  In  the 
apparatus,  brought  about,  for  example,  by  the  fluctuation  in  *he  amplification 
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of  the  photomultiplier.  Thus  one  la  concerned  with  the  modulation  radl- 
ometer  for  recording  (or  measuring)  of  Infrared  radiation  with  phosphorus 
acting  at  the  receiving  element. 

The  principle  of  the  echeae  of  the  modulation  radiometer  are  presented 
in  Tig.  1.  The  Infrared  radiation  Ij,  which  is  to  he  recorded  or  measured. 

Is  nodulated  with  the  aid  of  an  obturator,  and  then  it  go»s  onto  the  'la re- 
up  or  fade-out  nhorchorus  I.  The  glowing  of  the  ohosuhorus  in  this  caee 
alto  turns  out  to  he  nodulated.  On  reaching  the  cathode  of  the  uhoto- 
multipller  (TSIJ)  the  visible  light  I2  oroduces  on  its  outuut  the  uhenom»non 
of  an  alternating  signal,  the  amplitude  of  which  is  ^rouerMonal  to  the  in¬ 
tensity  of  the  Infrared  radiation.  The  signal  from  the  outuut  of  the  photo¬ 
multiplier  It  passed  to  the  inuut  of  4. narrowband  filter  tuned  to  the  fre¬ 
quency  of  the  modulator.  The  recording  or  measuring  of  the  infrared  radia¬ 
tion  1s  done  in  accordance  with  an  instrument,  at  the  output  of  the  filter. 

Tor  smiting  uo  the  energy  lost  by  the  phosphorus  in  luminescence  there  is 
used  an  ultraviolet  auxiliary  illumination  ly  The  ultraviolet  radiation, 
partially  dissipated  by  the  phosphorus,  practically  does  not  reach  the 
photocathode  being  absorbed  by  a  glass  filter,  not  shown  In  the  drawing. 

It  is  'advantageous  to  select  a  rather  high  frequency  of  the  modulation 
In  the  modulation  measurin'  devices  (around  ?Q  to  25  cos  and  higher)  so  that 

the  slow  drifts  In  th-  apparatus 
to  not  lower  the  sensitivity 
L  ?_/•  Therefore  in  the  modu¬ 
lation  radiometer  for  the  ln- 


Tig.  1.  Sketch  showing  principle  of  modula- 

frared  radiation  it  is  n»ces- 

tion  radiometer  with  ohosporus  as  receiver 


sary  to  use  low-inertia  phos¬ 
phorus  ,  As  was  explainedjOf  all  the  available  winds  of  phosohorut  the 
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•oat  suitable  type  found  proved  to  be  SrS—  Co,  8n.  This  phosphorus  at*© 
possesses  other  peculiarities  which  are  favorable  for  !♦*  appiiceMon  In  the 
modulation  radiometer.  In  the  case  o*  a  dl*« lnctiy  expressed  phenomenon  o# 
ootleel  scintillation  the  Intensity  of  the  natural  phosohor*sence  0*  *h» 
phosphorus  mentioned  at  rooa  temperature  Is  rather  low.  "'hie  dete-mln»s 
a  low  value  for  the  constant  component  of  the  current  of  the  photomultiplier, 
and,  consequently,  also  a  low  level  of  the  electric  fluctuations  on  it* 
output*. 

As  a  result  of  the  little  Intensity  the  natural  phosphorescence  continues 
for  a  considerable  Interval  of  tine  (some  hours).  "bis  does  away  with  the 
need  for  constant  "recharging*  with  the  aid  of  ultraviolet  rays. 

The  scheme  of  the  experimental  setuo  is  shown  In  Tlr.  ?.  As  a  source 
of  Infrared  rays  one  uses  an  incandescent  lamp  L*.  "be  light  from  the  source 
passes  through  the  calibrated  silt  and  le  nodulated  with  the  aid  of  an  ob¬ 
turator  (f  s  23.75  cps).  Jhrther  on  the  light  passes  through  the  infrared 
filter  Tj  seoaratlnr  out  a  spectral  inferval  of  from  1  to  3  microns,  out¬ 
side  of  this  Interval  the  penetrability  of  the  filter  Is  practically  sero. * 

At  experience  has  shown  the  photomultiplier  VTO-loow  used  in  the  unit  Is  not 
sensitive  to  radiation  passed  through  the  filter  *j.  "be  modulated  Infra¬ 
red  radiation  falls  on  the  phosphorus  I  and  periodically  produces  an  optical 
scintillation,  which  can  be  recorded  by  the  photomultiplier.  Tor  excltin? 
the  phosphorus  one  uses  ultraviolet  radiation  let  out  by  the  filter  fjg  from 
the  spectrum  of  a  mercury, lamp  I2  (H^).  "be  ultraviolet  rays  fall  on  the 
phosphorus  after  reflection  from  an  Inclined  glass  plate  P  (fj)  *Mch  Is 

*flw  spectral  density  0*  the  mean  square  of  »he  fluctuations  of  the  current 
on  the  outwit  mt  the  phvlv  iltipller  is  proportional  »o  the  current  constant 
component 
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transparent  to  Infrared  ray*.  mt> 
prevent  the  ultraviolet  ray*  from 
falling  on  th»  photocatnode  thsrs 
la  a  glass  yel^o-ereen  lleht  *11- 
tsr  ?y 

The  voltage  from  the  output  a* 
the  photomultiplier  1b  converted 
with  the  aid  of  a  heterodyne  *11- 
ter,  consisting  of  an  amplifier 
1,  a  balancadjdetector  2,  and  a  filter  of  DC  3«  "he  amplifier  le  designed 
on  the  reeonance  principle  with  the  use  of  HC  filter*  with  negative  feed¬ 
back  and  tuned  to  the  frequency  of  the  modulator.  The  hand  passed  through 
by  the  amplifier  la  equal  to  1  cps.  The  coefficient,  of  amplification  on 
resonance  frequency  Is  of  the  order  of  10^.  The  reference  voltage  necessary 
for  the  operation  of  the  halanc»d  detector  la  ta«cen  from  the  generator  0  (P) 
fixed  on  one  shaft  with  the  obturator.  "he  hand  oaseed  througv  hy  the  fil¬ 
ter  of  DC  which  determine*  tve  hand  of  the  whole  heterodyne  filter,  and, 
consequently,  also  of  the  fluctuation  limit*  for  the  sensitivity  of  the 
unit  is  equal  to  0,1  cps. 

Preliminary  experiment*  conducted  at  room  temperature  of  the  phosphorus 
showed  that  the  modulation  radiometer  possesses  high  sensitivity  in  the 
range  of  wave  lenfth  from  1  to  3  microns,  apparently  exceeding  the  sensitiv¬ 
ity  of  such  receivers  as  the  thermorgrle  and  the  bolometer  in  this  range. 

This  makes  It  possible  *o  suppose  that  the  radiometer  with  phosphorus  a* 
the  receiver  element  can  find  use  In  some  industrial  application*. 
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Pig,  2.  layout  of  exoerlmental  unit 
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